It is necessary to evaluate performance using a proper combination of all resources of supply chain in the best possible way to provide products and services in the market. One strategy to measure supply chain efficiency is the data envelopment analysis (DEA), which involves use of current inputs and outputs to evaluate supply chain performance. Therefore, the outcome of each DEA evaluation is not suitable for providing suitable benchmark for the future. Hence, managers are not able to improve the activities of their subset using the results of DEA model. For this purpose, we forecast data of units under evaluation using system dynamics simulation and then we present a proper model to formulate strategies for improving performance using the proposed DEA model. Finally, we implemented the designed algorithm in the milk industry of Fars province (Iran), and proper strategies for improving the efficiency of this industry were developed.
Introduction
In today's global market, companies are not units with unique brands that can operate independently. The complexity of goods and services in today's world is so that an organization can rarely produce or provide a service by itself without the help and cooperation of other organizations. The challenges in the business world have led to the emergence of supply chain approach that goes beyond the boundaries among the companies and includes all interactions, ranging from supply of raw materials to delivering finished goods to customers. In the challenging and intensely competitive environment, supply chains must constantly improve their performance to ensure their survival.
This cannot be achieved except by evaluating performance. Proper design and evaluation of supply chain are important issues for managers and researchers, which increases the complexity of the process because of the interrelationships between the units involved. Thus, in designing a performance evaluation system, all communications, interactions, preferences, effects and limitations should be considered as far as possible so that the results of the evaluation of a supply chain offer more accurate feedback to improve the performance.
Demand management, optimal level of product accessibility and reduction of inventory costs (ordering, maintenance and shortages) through the chain are significant goals of the supply chain, which requires the design of a proper performance evaluation system. One of the most challenging fields in this area is the choice of performance indexes and the use of different techniques to evaluate performance. A useful technique used in assessment of the supply chain is data envelopment analysis (DEA). This technique calculates efficiency and evaluates the system performance using a weighted ratio of outputs to inputs and the creation of an efficient frontier. In other words, DEA is one of the techniques which can consider internal complexities of the supply chain in the evaluation process and offer a more accurate and more realistic evaluation.
The DEA has also some limitations like other methods. One of the problems with this technique is that the DEA models use the present and the past inputs and outputs to evaluate. So, consequently, the results obtained on the basis of the past data cannot be a beacon of light to guide the organization towards the future. The managers are not able to plan for the future and to improve the activities of their subsets using the results obtained from DEA. In other words, the classic DEA models cannot offer a proper benchmark for the future. To deal with this problem, numerous methods have been proposed up to now, including the method presented by [1] ; it uses goal programming to search for production possibility set and the method presented by reference [2] which uses also a goal programming method in order to locate points on the efficient frontier that are evaluated at the closest conditions to the under evaluation unit. These methods consider the units evaluated as one-stage units and ignore inter-organizational relations.
This weakness of DEA is exactly the strength of the system dynamics simulation. The model of system dynamics simulation is able to forecast data and to describe very complex systems, and can be used to test the systems which are not yet in existence or to test existing systems without changing them.
The food supply chain is one of the types of supply chains which need special attention due to its complexity, importance, and role in people's daily lives and health of people. Therefore, selection of the best supplier of the raw materials and improvement of the performance of the food supply chain can be an important step towards achieving macroeconomic objectives of a country on the one hand, and the public health on the other hand. One of the most important activities in the improvement process is the measurement and evaluation, which provides premises for planning for the improvement by identifying the current status of the results and outputs of the food industry. DEA model uses past data so strategic decision is taken based on it will not succeed in real world. This problem, as well as the dynamics in the business environment, highlights the need to use simulation techniques for future-based assessment. Therefore, focusing on future periods, the present study tries to formulate an organizational strategy using a combination of data envelopment analysis and system dynamics simulation to provide a proper model for the improvement of the supply chain performance.
This study utilizes system dynamic, along with DEA, to introduce benchmark of inefficient supply chain. To this end, inputs and outputs of each supplier are forecasted by system dynamics simulation. Then, network DEA model is applied to present a benchmark for inefficient units. Subsequently, based on obtained results, a strategy plan is proposed for improving performance to achieve the best performance of the inefficient units.
In the present work, we review previous research in Section 2, followed by methodology in Section 3. In Section 4, we present a case study which will be followed by concluding remarks in Section 5.
Review of the Literature
In recent decades, managers have witnessed global dramatic changes through advances in technology, the globalization of markets and stabilization of the political economy. With the increase in the number of competitors, organizations have been forced to improve inter-organizational processes to stay in the competition scene. In the 1980s, companies searched for techniques and strategies by which they can reduce production costs and compete in different markets. Some of these techniques include the just-in-time production system, Kanban system, lean manufacturing, total quality management, and so on. The companies have been able to reduce their production costs as much as possible by using these techniques, but competitors have also been able to reduce their production costs as much as possible by using the same techniques.
So, to reduce the costs and stay in the competitive market, other potential opportunities to reduce costs should be found. One of the options which involve many potential opportunities to reduce costs is the supply chain [3] . According to reference [4] , the conceptual framework of supply chain consists of three tightly coupled components: supply chain structure (a network of companies), business processes of the supply chain, and its components. Supply chain structure consists of all the companies involved in the production chain, services from raw materials to the end user, and relations among them (by which business activities or business processes are done). According to reference [4] , this structure forms a holding company (controlling company) and several related companies (suppliers and customers). The dimensions to be considered involve the length of the supply chain and the number of suppliers and customers in each level. Note that the supply chain does not emerge in the form of a chain, but it is more like the branches of a tree whose roots and branches are the symbols of a network [7] . Business processes are activities that create special output with added value for the customer.
As this issue deals with measuring the performance supply chain members, and integrating and coordinating their performance, however, it is a difficult task. There are two obstacles in measuring the value of chain efficiency. One of them is that there are several efficiency measures determining the performance of each supply chain member, and there is a conflict between the chain members in relation to the specific efficiency [8] . These problems cause that various tools are applied in performance evaluation of supply chain. For example, reference [9] discussed binary Multi-Objective Optimization (MOP) as an attractive method based on Quality Function Deployment (QFD) method to evaluate supply chain of garment industry. Also, a multi-objective optimization and genetic algorithm were applied in multi-national automotive supply chain spread in Europe by [10] . A novel idea was proposed by [11] ; they developed a method based on graph theory to evaluate supply chains in Japan.
It is important to note that there are many DEA models in supply chain performance evaluation, as well as supplier selection. Many of them, however, have problems. Research has shown that classic DEA models cannot correctly identify supply chain efficiency and the efficiency of the overall supply chain performance does not necessarily indicate the assessment of the individual components of the supply chain [7] . As a result, progress in achieving the best action may be uneven. In other words, improvement of a member's performance affects the efficiency of other members due to the intermediate measures. that a more specific form of the product is achieved. Petrochemical and perfumery industries are cases in point [7] .
Reference [12] has developed a method to improve value chain efficiency by the sensitivity analysis of returns to scale. Reference [20] also showed that the game model can be used to determine a unique complete secondary Nash equilibrium (if available). In this study, it is assumed that the returns to scale are constant, which can be generalized to variable returns to scale. Reference [21] conducted a similar study and represented a two-stage non-cooperative buyer-seller model in which leader initially decides and then considering common processes; he optimizes his decision based on the follower. This model maximizes the cross-sectional efficiency of seller and buyer by assigning weights to common processes and actions calculates realistic efficiency (level of output that is used as an input of the in the next level). Also, reference [22] investigated customer value in a two-stage supply by using three perspectives in game theory.
In another study, reference [23] presented a rough DEA model to evaluate supply chain performance. They used an optimist α and a pessimist α in the process of solving the model to transform the model with rough data into a definite linear programming model. In this model, an efficiency interval is applied for the efficiency of any decision-making unit. Efficiency interval is utilized to rank DMUs and the smallest maximum reduction in efficiency is known as an efficient DMU. Then, this rough DEA model is used to evaluate the efficiency of supply chains.
Reference [24] presented firstly two definitions of a production possibility set of supply chain based on constant return to scale. They offer a DEA model for assessment of overall efficiency. In other words, the model deals with efficiency evaluation by finding out the most efficient production abilities in supply chain and by replacing or improving inefficient subsystems and also by identifying the model (efficient) units. Reference [25] considered the internal structure of the supply chain as a network and presented a model to evaluate it. Reference [26] forecast the future efficiency of a green supplier. To this end, they used dynamic Artificial Neural Network (ANN) failed to identify cause and effective relationships between processes of supply chain. This weakness of ANN is exactly the strength of the system dynamics simulation. In another study, reference [27] utilized goal programing and robust DEA for benchmarking and ranking sustainable supplier. The benchmarks depend on goals of each DMU, expectations of decision makers are seen as goals, and goals and deviational variables for all goals may change, and therefore, the results will be different for different values.
Reference [28] determined the benchmarks and prioritized the variables of DMUs in DEA models. This method helped them to improve the capability and flexibility of general DEA models and make intelligent investment on target factors that can improve their firms' productivity. Also in another study, reference [29] proposed an integrated method, DEA and data mining, to measure the efficiency of inefficient terminals.
In order to overcome the regression shortcoming of a single dependent variable, reference [30] estimated the efficiency of DMUs and re-evaluated DEA benchmarks by neural networks. Reference [31] established an effective benchmarking approach in DEA by clustering DMUs into a number of layers based on their efficiency and then introduced a benchmarking method through the sequence of layers.
In another study, reference [32] applied clustering methods to estimate a frontier for input-output and clustering of similar DMUs. Based on efficiency concept in DEA, a stepwise benchmarking method is introduced by [33] . Reference [34] evaluated airports by DEA and identified benchmarks. Reference [35] focused on three criteria, i.e. preference, direction and similarity proposing a method for stepwise benchmark target selection. Reference [36] extended the stepwise benchmarking to identify a minimization-improving performance in order to improve the efficiency of units.
Reference [37] focused on the best practice way for benchmark regulation of electricity distribution and compared DEA, stochastic frontier analysis (SFA)
and Stochastic non-smooth envelopment of data (StoNED) in regulating the distribution of electricity. They also, examined the performance of these methods by Monte Carlo simulations. Reference [38] specified benchmarks for inefficient units by using of the "optimal" weights for inputs and outputs. Based on linear combination of the efficient DMUs, they proposed benchmarks for an inefficient DMU.
Reference [39] proposed an integrated method for a benchmarking network consisting of an alternative sequence of benchmark goals. In another study, reference [43] applied facet of DEA efficient frontier to specify the best frontier for benchmarking and ranking of DMUs. Reference [44] explored the benchmark corporations in a semiconductor industry. DEA models are utilized to ensure that the benchmark standards are precisely selected.
As can be seen, there has been a great deal of research on benchmarking. The major drawback of these methods are that the proposed benchmarks by these methods are suitable for a special period of the time, e.g., past. Information about future of a system in several periods leads to a better performance of a system. Also, forecasting techniques that used for benchmarking only focused on inputs and outputs and their cause and effect relationships have been ignored.
In this study, we present a model based on a new approach and then explain this method. In this method, if managers are able to estimate inputs and outputs in the future, they can forecast the performance of the units under evaluation using this data. So, we introduced firstly the method of system dynamics simulation to forecast the data of the units under evaluation and then we modify the method of using the classic DEA models to provide a proper model. This paper suggests a new approach to present a benchmark for inefficient units and thus makes significant contributions. In sum, the contributions are as follows:
-Based on system dynamic, cause and effect relationships between demand management, orders delivery, production flow management and inventory completion or purchase, are identified as the processes of supply chain business.
-Simulation of the supply chain based on the system dynamics identifies key business processes in the supply chain.
-Future efficiency of supply chain is forecasted using system dynamics simulation and network DEA and a new ranking approach is proposed.
-Benchmark of inefficient supply chain is presented.
-Based on the results of our approach, strategies are proposed for improving performance to achieve the best performance of the inefficient unit.
Research Methodology
In this section, using system dynamics simulation technique, we forecast the inputs and outputs and therefore we consider the performance of supply chains that To model and simulate supply chain, we should firstly draw the causal loop diagram and then run the simulation, and we translate the causal-loop diagram to the flow chart. The model used in this study involves a supply chain in which the structure is linear and is formed by levels of the end customer, retailer, wholesaler and manufacturer. Each of the interrelated elements proposed by [4] as elements constituting the conceptual framework of the supply chain, has been considered as our conceptual basis in the present study. The elements used to draws the causal-loop diagram of the supply chain in this study are as follows:
A) The demand is defined as the end customer demand and demand from one level to the next immediate level.
B) Orders received in the company (retailer, wholesaler, and manufacturer):
Orders consist of the demand sent from the level immediately before the customer level and overdue orders of the same level of the chain. Specially, if the index i is associated with a level of the chain which has been considered, D i-1 is the demand of the level immediately before it and P pi is overdue orders of the given level. Then, the orders of the company are as follows:
Orders of i th company = D i-1 + P pi C) Overdue orders (retailer, wholesaler, and manufacturer).
D) On hand inventory (including retailer, wholesaler, and manufacturer): On hand inventory is the amount of the inventory which is available in stock whose value is never negative. On hand inventory is of significant because it shows the customer's specific demand met directly from the inventory in the stock. E) Demand forecasting (i.e. retailer, wholesaler, and manufacturer): Forecasting is made possible using exponential smoothing. forecasting", "inventory value" and "lead time of production or supply" are considered to launch manufacturing orders.
I) Lead time (wholesaler and manufacturer).
J) Products on the way (retailer, wholesaler and manufacturer) involves both the inventory which is not available until the lead time (i.e. the time required to prepare and submit product) and the inventory which is available in stock after the completing the production process. It is logical for these elements to be different according to the type of the modeled supply chain. After identifying the elements which influence supply chain members, we define or draw the relationships or impacts between the elements. Then all the loops made at the time of system modeling, particularly positive loops which make the system unstable, should be considered, and finally, after doing the above steps, we eliminate elements that do not affect the system. In this study, the end customer is someone who demands final products supplied by the chain (demand pull approach). These customers are people who come to the supermarket to receive the product. The demands created through these customers are estimated by supermarkets as retailers, and the retailers purchase the goods needed to sell from large wholesale warehouses that supply retailers as wholesalers. Several of manufacturing and inventory completion orders display the information flows between all elements forming the chain, whereas the material flows are indicated by delivering goods to these elements. In other words, each member of the chain is engaged to meet the needs of the member immediately before it.
In this study, demand management, orders delivery, production flow management and inventory completion or purchase are considered as the processes of supply chain business, which show management of the demand of each supply chain member. After recognition of all variables in the system, and cause and effect relationships between them, we draw them graphically in the form a cause and effect diagram.
Causal loop diagrams are drawn with regard to the lowest level of the supply chain (Figures 2-4) .
According to the process approach and network relationships of the supply chain members, it seems necessary to identify key processes and variables affecting the performance to evaluate more accurately the chain and each of its members. Simulation of the supply chain based on the system dynamics simulation identifies key business processes in the supply chain. Supply chain management components are those variables through which business processes are integrated and managed through supply chain [10] .
The concept of supply chain management requires the total efficiency of the supply chain, as well as the individual efficiency of each member in the supply chain. Each member in the supply chain aims to achieve an efficiency of 100%.
100% efficiency of a member does not necessarily mean 100% efficiency of a different member. Due to potential conflicts between members of the supply chain, the inefficiency on the part of a member may be due to the efficiency of another member.
Some measures related to the supply chain members cannot be considered as the output of the supplier (the supplier aims to increase it), but it is considered as an input for the manufacturer (manufacturer aims to reduce it) as well. For this reason, the concept of supply chain efficiency must be carefully defined and studied, and we need models to define and measure the efficiency of supply chain and its members.
Some methods have been developed to determine the performance of the supply chain members by providing a performance measure [12] . However, there has been no attempt to find the best performance of the supply chain, no reliable mathematical model has been developed to simultaneously. In this study, we focus on 1) define and measure the performance of the overall supply chain with possible conflicts in specific efficiency values, 2) evaluate the performance of the supply chain members, and 3) find the best performance and provide solutions to achieve a supply chain with its best performance.
As mentioned, using system dynamics simulation, we identify key business processes of supply chain and indices influencing the processes. After determining key indices of the evaluation of the supply chain performance (Figure 8 ), we proceed to forecast the values of indices in a future year by simulating the system dynamics. On one hand, DEA models are past and present-oriented, not future-oriented. DEA techniques offer improvement solutions for the inefficient units to achieve the best performance (benchmarking approach). Since the solutions to improve efficiency in inefficient units are provided by benchmarking efficient units, and it is possible that these efficient units have a better performance in the future than their current performance, thus improvement solutions for an inefficient unit lead to efficiency of the unit in the future. Therefore, to overcome this weakness of DEA models, we evaluated the current position of the unit studied which was achieved by system dynamics simulation. Thereby, we turned efficiency improvement solutions into efficiency improvement strategies and provide competitive conditions for the units. The proposed DEA model determines the efficiency of the overall supply chain system as well as that of each member of the supply chain and offers solutions to get the best performance from the supply chain. This model eliminates the need for unrealistic assumptions in conventional models of supply chain and the probability models.
Supply chain systems consist of an integrated input-output system where each member of the supply chain applies inputs for production. As a result, we can classify performance measures of the supply chain members as inputs and outputs.
Modeling
Suppose I ∆ and R ∆ are respectively the symbols of input and output sub- Theorem 3-1 [7] ( ) , 1, , (3) is more exact for identifying of inefficient supply chains.
As mentioned in the previous section, the information obtained based on the projection presented by DEA models is not enough to improve activities in the future and provide a suitable model. In this method, our work is on this basis that if managers can forecast inputs and outputs in the future, they can present the model of the units under evaluation in the future using this data. For this purpose, system dynamics simulation has been combined with DEA models as follows.
To evaluate the under evaluation supply chain as has been shown at follows, ( ) 1  1  1  1  1  1  1  1  11  1  11  1  11  1   : , , 2) Forecasting the inputs and outputs of the units under evaluation in the future.
3) At each stage, the unit under evaluation is placed in the current coordinates and other units are placed in the forecasted coordinates, and 4) Running the DEA model.
Case Study
The frontier of supply chain model of the milk industry in Fars province, Iran has two members of retailer and manufacturer. Supplier, and end customer are out of the frontier of the assumed model ( Figure 1) . Specifications of the model
(the values of the parameters used) to simulate each of the supply chains of one year (365 days) has been presented in Table 1 .
Each applied research requires the study and recognition of the parameters affecting the subject of the research. Therefore, in order to identify and extract indices affecting supply chain, extensive field studies and library research were done on the variables and indices available in different activity areas of the supply chain. Here the variables are introduced based on APIOBPCS 1 model [45] [46], which were used to draw the causal loop diagram, see Figure 6 and Figure   7 . Figure 6 and Figure 7 show the end customer demand and the demand of other levels at its next level, orders of the company, overdue orders, inventory status, demand forecasting, inventory completion orders, manufacturing orders, lead times, the products on the way (products produced by the manufacturer and the products which are on their way to the retailer), production capacity, production, production lead time and fulfillment rates.
By identifying which one of the above mentioned variables are auxiliary, level or rate variables, the causal loop diagram must be transformed into a flow chart.
Note that the variables required to create an appropriate flow chart are added to the flow chart while they are not required in the causal loop diagram (especially rate variables which are correct level variables).
Given the multiplicity of indices because of the extent of supply chain activities, the most important indices of among the indices presented above, which affect the efficiency evaluation, were selected according to interviews with experts and managers in the industry. Selected indices are in Figure 8 .
After identifying the variables as auxiliary, level and rate variables and drawing flow charts, it was needed to write equations related to each of the variables Figure 8 . Indices of evaluation of the supply chain performance.
Using the values of indices for each of the chains, DEA model was used based on the proposed method. In order to provide a better understanding and to show more inputs savings for each supply chain member, DEA model (1) was made individually for each member of the chain and efficiency of the overall supply chain was obtained from the average efficiency of its members. We compared the results of both models, which have been presented in Table 4 , the results of the model (2) indicate a more accurate performance of the chain and specify, in collaboration with its members, the performance of the overall supply chain.
Columns 2 and 3 in Table 4 Consider the supply chain 1, associated with the retailer, but to achieve the best performance of the supply chain 1, the manufacturer must reduce the inputs of its system to the value of
Ω . The completion rate of the manufacturer must increase from the current completion rate of 98% to 99%. Products delivered to the retailer must be reduced by about 1%. These solutions, which are based on the best performance,
show that the manufacturer should be able to keep 99% completion rate, while it reduces the products delivered to the retailer. Some supply chains may work with high cost and product accessibility, while others may tend prefer to have lower levels of service.
Efficiency of DEA presented in this study provides a method to identify and measure supply chain efficiency and also the efficiency of supply chain members making it clear that two supply chains may have different combinations of input-output, but be efficient. Model (2) enables supply chain members to improve collectively supply chain performance. Using model (2), each supply chain can find ways to achieve the best performance and to gain competitive advantage.
Conclusions
Unlike DEA models, the aim of this study was not to compare and rank the units, because DEA models evaluate the performance based on the past data. Solutions suggested based on the performance of the unit cannot be efficient based on past data and the results cannot be a beacon to guide organizations towards the future. Therefore, in this study, we decided to give a solution to deal with this problem. We used the system dynamics simulation and by modeling the supply chain behavior and creating relationships between variables of the supply chain. Providing equations which show the relationships between variables, we predicted the behavior of the supply chain in the following year. With the help of the forecasted information on the variables in the future, we evaluated the supply chain performance using DEA. We kept the supply chain under evaluation in its current situation and transfer the remaining supply chains into the future. We evaluated the performance of the unit under evaluation in relation to the forecasted performance of the rest of the units in the future. Instead of offering solutions to improve performance based on past data, we presented strategies for improving performance on simulated data to achieve the best performance of the inefficient unit on the frontier of efficiency.
Although the method is effective, there are some limitations for further research. This technique cannot be applied for undesirable inputs or outputs. Uncertainty demand is another problem. So the model needs to extend for stochastic data on pricing decision and product choice. Furthermore, Malmquist index can be considered to evaluate technological changes in two periods of time.
